Introduction
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Flavivirus is a genus in the family Flaviviridae, and consists of positive-polarity single-strand RNA 24 viruses with lipid envelopes (Gould & Solomon, 2008; Lindenbach, 2007; Schmaljohn & McClain, 25 1996) . The flavivirus genome encodes one poly polyprotein, which is cleaved into three structural 26 proteins, the core, premembrane, and envelope (E) proteins, and seven non-structural (NS) proteins 27 within a single long open reading frame (Chambers et al., 1990) . Flavivirus contains over 70 28 members, many of which are arthropod-borne human pathogens (Lindenbach, 2007; Mackenzie et 29 al., 2004; Mackenzie & Williams, 2009; Schmaljohn & McClain, 1996) . Recently, many outbreaks 30 have been reported, and flaviviruses are attracting global attention as emerging or re-emerging 31 infectious diseases (Balogh et al., 2010; Chung et al., 2013; Danis et al., 2011; McMichael et al., 32 2006; Morse, 1995; Vong et al., 2010) . Flaviviruses are divided into four distinct evolutionary 33 lineages: mosquito-borne, tick-borne, no-known vector, and insect-only flaviviruses (Billoir et al., 34 2000; Cook et al., 2012; Crabtree et al., 2003; Kuno et al., 1998) 
. Mosquitoes of Aedes and Culex
35
families are the major vector of mosquito-borne flaviviruses, including yellow fever virus, dengue 36 virus, West Nile virus (WNV), and Japanese encephalitis virus (JEV) (Gould & Solomon, 2008) .
47
Parkinsonian syndrome (Ooi et al., 2008; Solomon et al., 1998) . Cognitive function is compromised 48 upon several cases of TBEV infection; patients develop photophobia, irritability, and sleeping 49 disorders (Czupryna et al., 2011; Kaiser, 1999; Mickiene et al., 2002) . WNV infection triggers 50 development of systemic symptoms generally, but neurologic manifestations are rare (Anastasiadou 51 et al., 2013; Sejvar et al., 2003) . On histopathological examinations, all these viruses mentioned 52 above induce typical nonsuppurative encephalitis, including necrosis of neurons (associated with 53 shrunken perikarya), perivascular and vascular infiltration of mononuclear cells, and neuronophagia.
54
The distribution of viral antigens in the cerebellum differs, but viral antigens are seen in several 55 brain regions among all viruses, including the brainstem, the cerebral cortex, the caudate putamen, 56 and the cervical spinal cord (Hayasaka et al., 2009; Kimura et al., 2010) . However, it remains 57 unclear how viral replication and pathogenicity contributes to the neurologic manifestations.
59
Primary culture has been developed for maintaining brain cells (Banker & Cowan, 1977) , and such 60 cultures can be used to investigate detailed intracellular activities of neurons (Ishihara et al., 2009; 61 Okabe, 2013; Wang et al., 2009) . This approach has been used to explore not only physiological 62 functions, but also neuronal response affected by virus invasion, including lyssavirus, herpesvirus, 63 and flaviviruses (Lewis & Lentz, 1998) (Perkins et al., 2002) (Chen et al., 2011) . Primary cultured 64 neurons could provide detailed information about flavivirus replication in neurons.
66
In the present study, we used primary neuronal cultures to explore replicative and neuropathogenic 67 features of encephalitic flaviviruses. We revealed that the replicative properties of mosquito and 68 tick-borne flaviviruses differed significantly. of cells infected with WNV or JEV (Fig. 2a vii, viii, xii, and xiii) . On the other hand, elliptical 97 antigen accumulations were evident in dendrites infected with TBEV ( Fig. 2a ii and iii, white 98 arrows). This form of antigen-accumulation was also evident in neurons infected with the tick-borne 99 flaviviruses, TBEV, Omsk hemorrhagic fever virus (OHFV), and LGTV (Fig. S2) .
101
Detailed images of accumulated viral antigens are shown in Fig. 2b . Antigen accumulations varied 102 in diameter, being 5−10 μm on the major and 3−5 μm on the minor axis (Fig. 2b iii, iv, vi, and vii).
103
Viral antigens were surrounded by MAP2 in structures that appeared to be swollen ( Fig. 2b iv and   104 vii). In some large swellings, an unstained (hollow) region was evident within the accumulation of 105 viral antigen (Fig. 2b ii-iv). antigen accumulated in dendrites of several neurons by 72 h.p.i. (Fig. 3a viii, white arrows), but 113 such accumulations were fewer compared with in neurons infected with TBEV (Fig. 3b) . co-stained with the anti-TBEV and anti-MAP2 ( Fig. 4a and e-j), anti-β3-tublin ( Fig. 4b and k-p) , anti-calreticulin ( Fig. 4c and q-v) , or anti-synaptophysin ( Fig. 4d and w- Fig. 4k−p) . Accumulated viral antigens in TBEV infected cells were localized with MAP2 ( Fig.   122 4h−j), β3-tublin ( Fig. 4n−p) , or calreticulin, which is distributed in endoplasmic reticulum (ER) 123 membrane ( Fig. 4t-v ), but not with synaptophysin, a marker of synaptic vesicles (Fig. 4z− infectious particles containing replicon RNA as a genome) (Gehrke et al., 2003; Khromykh et al., 143 1998; Molenkamp et al., 2003; Reynard et al., 2011; Yoshii et al., 2008) . The replicon RNA lacks The ultrastructure of flavivirus infected primary cultured neuron.
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To observe the membrane structure of infected neurites, infected primary neuronal cultures were 151 examined by transmission electron microscopy (TEM) (Fig. 7 ). Mock infected neurons had large 152 nuclei, and ER, mitochondria, and Golgi apparatus were readily observed ( Fig. 7a−c) . However, A proposed model of LMS formation is shown in Fig. 8 . Viral proteins are synthesized in dendrites 228 (Fig. 8a) . Membrane structures are reconstituted to form the LMS after such synthesis (Fig. 8b) , and 229 the LMS becomes multilayered and grows to compress the microtubules (Fig. 8c) . Kohrmann et al., 1999; Muramatsu et al., 1998; Sinnamon & Czaplinski, 2011) . Specific Neurons for primary culture were prepared from embryonic day 17−18 mouse embryos as described 297 previously (Biederer & Scheiffele, 2007; Viesselmann et al., 2011) . Briefly, the hippocampus, 
Construction of VLPs of TBEV
342
The plasmids Oshima REP (Hayasaka et al., 2004) and pTBECME (Yoshii et al., 2005) were used 343 to construct VLPs of TBEV. The TBEV replicon was transcribed from the Oshima REP plasmid 344 using a mMESSAGE mMACHINE SP6 kit (Life Technologies), and transfected into Human 345 embryonic kidney 293T cells with the aid of a Trans IT mRNA transfection kit (Mirus Biology, Co.,
346
Madison, WI). After 5-6 h of culture, the cells were transfected with the pTBECME plasmid, which 347 expresses the structural proteins of TBEV, with the aid of a TransIT-LT1 reagent (Mirus). The 348 supernatant was harvested 48 h post-transfection and cleared by centrifugation at 17,000 g for 5 min.
349
VLPs in the supernatant were precipitated by 10% (w/v) PEG 8000 and 1.9% (w/v) NaCl followed 350 by incubation for 2 h at 4°C, and centrifugation at 16,000 g for 30 min. Pellets were resuspended in 351 neurobasal medium and stored at −80°C. 
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Accumulations of viral antigens in dendrites are indicated by white arrows. 
